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Materials Characterization
High-resolution transmission electron microscopy (HRTEM) images were achieved on a FEI Tecnai G2 F20 microscope. Thermogravimetric (TG) analysis was performed on a NETZSCH STA449 F3 thermal analyzer. The atmosphere was argon, and the heating rate was 10 °C/min from 40 °C to 1000 °C. Electrochemical measurements were performed using an potentiostat/galvanostat (BioLogic VSP, France) with a conventional three-electrode electrochemical cell. A platinized Pt wire as a counter electrode and a reversible hydrogen electrode (RHE, HydroFlex, Gaskatel GmbH) as a reference electrode were used. The glassy carbon electrode (GCE, 5 mm diameter, 0.196 cm 2 ) with rotating disk electrode (RDE) as a working electrode was polished by 0.1 µm and 0.05 µm alumina powder and rinsed with deionized water, followed by sonication in ethanol and deionized water. The modified samples were transferred onto the GCE according to the following procedures: (1) 5 mg catalysts were added into the mixture solution of 960 ul H2O, 4 mL isopropanol and 40 µL nafion, and then ultrasonicated for 15 min. (2) 10 µL of as-made mixture solution was dropped on the GCE surface and dried at 60 °C for few minutes in air. The final loading of catalyst on electrode is about 0.051 mg/cm 2 .
Cyclic voltammograms (CVs) were obtained by scanning between 0 V to 1.0 V at a scan rate of 100 mV/s in argon-saturated solution. OER polarization curves were obtained by linear sweep voltammetry scanning from 1.0 V to 1.8 V~1.9V at a scan rate of 5 mV/s in argon-saturated 0.1 M KOH with RDE (rotation rate of 1600 rpm). Prior to the impedance measurements, the electrodes were held at a constant desired potential for 10 min to ensure a stable current. And then measurements were performed by applying an AC voltage with 5 mV amplitude in a frequency range from 100 kHz to 100 mHz. All the experiments were carried out at room temperature. The calculation of electrochemically active surface area (ECSA) is based on the measured double layer capacitance of the pure HHT and supported HHT on glassy carbon RDE in 0.1M KOH according to a previous published report. Briefly, a potential range where no apparent Faradaic process happened was determined firstly using the static CV. This range is typically a 0.1 V potential window centered at the open-circuit potential (OCP) of the system. All measured current in this non-Faradaic potential region is assumed to be due to double-layer charging.
[1] The charging current, ic, is then measured from CVs at different scan rates. The working 3 electrode was held at each potential vertex for 10 s before beginning the next sweep. The relation between ic, the scan rate (ν) and the double layer capacitance (Cdl) was given in equation 1.
Therefore, the value of Cdl can be obtained from the slope of ic as a function of ν.
For the calculation of ECSA, a specific capacitance (Cs) value Cs ≈ 0.019 mF cm -2 (estimated value) in 0.1 M NaOH is adopted from previous reports.
[2] The relative equation is:
ECSA =Cdl/Cs (2) Mass spectra measurement was performed on an OmniStar TM GSD 320 mass spectrometer purchased from PFEIFFER VACUUM Ltd. The detector type is C-SEM/Faraday. The carry gas was Ar with a flow rate of 1 mL/s. The O2 was collected after 12 h at a constant potential of 1.6 V vs RHE using a home-made cell with glass carbon pellet (the diameter is 1cm) as working electrode. The loading of AT+HHT catalyst on electrode are 0.5 mg/cm 2 .
Calculation Method
TOF values 4
The theoretical values of TOF were calculated by assuming that every edge groups is involved in the catalysis.
TOF = (j×S)×FE/(4×F×n)
Where j is the measured current density at  = 0.370 V and S is the surface area of glass carbon disk 
where  denotes the overpotential, b denotes the Tafel slope, j denotes the current density, and j0 denotes the exchange current density.
Faradaic efficiency (FE)
In order to study the reaction mechanism for OER, rotating ring-disk electrode (RRDE) voltammograms were carried out based on a Pt ring electrode and a glassy carbon disk electrode. The as-obtained AT-supported HHT catalyst was drop-cast onto the RRDE using above method. To detect the content of the formed peroxide intermediates, the ring potential was fixed constantly at 1.465 V vs. where Id is the disk current, Ir is the ring current and N is the current collection efficiency (26%). In the present RRDE system, the outer diameter of disk is 5.0 mm; the outer diameter of ring is 7.50 mm 5 and the inner diameter of ring is 6.5 mm. The RRDE photograph is displayed in Figure S1 .
Figure S1. The photograph of RRDE
The Faradaic efficiency (FE) of the system was measured to ensure that the oxidation current derived from oxygen evolution rather than other side reactions. Here, the ring potential was held constantly at 0.465 V vs. RHE to reduce the O2 formed from the catalyst on the disk electrode in Ar-saturated 0.1 M KOH solution. The FE determined as follows [1, 3] :
Where jr is the ring current density, jd is the current density of the disk electrode and N is the current collection efficiency (26%). Here, the selected ring potential (0.465 V) can not trigger CO2 reduction.
[4]
[3] X. Lu, W. Figure S3 . HRTEM image and Raman spectrum of onion-like carbon (OLC). The value of ID/IG is calculated from peak area. The surface area of OLC is about 460 m 2 /g. [7] The conductivity of OLC is about 0.8 S/cm. as-prepared AT+HHT sample with sonication method for 8 h in cyclohexane.
As shown in Figure S4 , the main characteristic peaks of pure AT powder located at 720 and 881 cm -1 are corresponded to vibration of aromatic rings. When pure AT powder is dispersed in cyclohexane (AT+solvent), the similar characteristic peaks on the obtained solution are observed in the solution. It is clearly seen that the exfoliated AT molecules from the as-prepared AT+HHT sample using sonication method also show the main characteristic peaks of aromatic rings. The slight shift of peaks can be attributed to the change of π-π interaction between AT molecules in solvent. The measurements confirm that the aromatic structure of AT is not destroyed during the preparation process and that the structure is also present while the organic molecule is adsorbed on the support surface. Figure S5 . IR spectra recorded in ATR mode of pure PT powder (red), pure solvent (cyclohexane, black), dissolved PT (cyclohexane as solvent, blue) at 100 °C for 24 h and exfoliated PT (turquoise).
Here, the exfoliated PT was obtained by removing the PT molecules from as-prepared PT+HHT sample with sonication method for 8 h in cyclohexane.
As shown in Figure S5 , the main characteristic peaks of pure PT powder located at 729 and 813 cm -1 are ascribed to vibration of aromatic rings. When pure PT powder is dispersed in cyclohexane, the similar characteristic peaks on the obtained solution are observed. It is clearly seen that the exfoliated PT molecules from as-prepared PT+HHT sample using sonication method also show the main characteristic peaks of aromatic rings. The slight shift of peaks can be attributed to the change of π-π interaction between PT molecules in solvent. The measurements confirm that the aromatic structure of PT is not destroyed during the preparation process and that the structure is also present while the organic molecule is adsorbed on the support surface. Here, the exfoliated NT was obtained by removing the NT molecules from as-prepared NT+HHT sample with sonication method for 8 h in cyclohexane.
As shown in Figure S12 , the main characteristic peaks of pure NT powder located at 738 and 903 cm -1 are assigned to vibration of aromatic rings. When pure NT powder is dispersed in cyclohexane, the similar characteristic peaks on the obtained solution are observed. It is clearly seen that the exfoliated NT molecules from as-prepared NT+HHT sample using sonication method also show the main characteristic peaks of aromatic rings. The slight shift of peaks can be ascribed to the change of π-π interaction between NT molecules in solvent. The measurements confirm that the aromatic structure of NT is not destroyed during the preparation process and that the structure is also present while the organic molecule is adsorbed on the support surface. Figure S13 . IR spectra recorded in ATR mode of pure DC powder (red), pure solvent (cyclohexane, black), dissolved DC (cyclohexane as solvent, blue) at 100 °C for 24 h and exfoliated DC (turquoise).
Here, the exfoliated DC was obtained by removing the DC molecules from as-prepared DC+HHT sample with sonication method for 8 h in cyclohexane.
As shown in Figure S13 , the main characteristic peaks of pure DC powder located at 738, 756 and 873 cm -1 are attributed to vibration of aromatic rings. When pure DC powder is dispersed in cyclohexane, the similar characteristic peaks on the obtained solution are observed. It is clearly seen that the exfoliated DC molecules from as-prepared DC+HHT sample using sonication method also show the main characteristic peaks of aromatic rings. The slight shift of peaks can be assigned to the change of π-π interaction between DC molecules in solvent. All the results indicate that the aromatic structure of DC is not destroyed during the preparation process. The measurements confirm that the aromatic structure of DC is not destroyed during the preparation process and that the structure is also present while the organic molecule is adsorbed on the support surface. The cathodic (red triangle) and anodic (blue circle) capacitance currents measured at 1.07 V vs. RHE plotted as a function of scan rate. The double-layer capacitance determined from this system is taken from the average of the absolute value of anodic and cathodic slopes of the linear fits.
Here, The Cdl value of T-HHT measured by the scan rate dependent CVs is 0.0094 mF. By using equation 2, the ECSA value of T-HHT is calculated to be about 0.494 cm 2 . Here, The Cdl value of AT-supported HHT measured by the scan rate dependent CVs is 0.0135 mF.
By using equation 2, the ECSA value of AT-supported HHT is calculated to be about 0.709 cm 2 , that is, the ΔECSA value of AT-supported HHT relative to H-HHT is 0.215 cm 2 (0.709-0.494=0.215). Here, The Cdl value of NT-supported HHT measured by the scan rate dependent CVs is 0.0173 mF.
By using equation 2, the ECSA value of NT-supported HHT is assessed to be 0.909 cm 2 , that is, the ΔECSA value of NT-supported HHT relative to H-HHT is 0.415 cm 2 (0.909-0.494=0.415).
. Here, The Cdl value of DC-supported HHT measured by the scan rate dependent CVs is 0.0187 mF.
By using equation 2, the ECSA value of DC-supported HHT is calculated to be about 0.984 cm 2 , that is, the ΔECSA value of DC-supported HHT relative to H-HHT is 0.49 cm 2 (0.984-0.494=0.49).
. 25 Figure S20 . Electrochemical activities of supported OLC catalysts for OER.
26 Figure S21 . The net contents of AT molecules on supported OLC catalyst with TG measurement. 
